Background: Individual response to medications varies significantly among different populations, and great progress in understanding the molecular basis of drug action has been made in the past 50 years. The field of pharmacogenomics seeks to elucidate inherited differences in drug disposition and effects. While we know that different populations and ethnic groups are genetically heterogeneous, we have not found any pharmacogenomics information regarding minority groups, such as the Tajik ethnic group in northwest China.
Background
To date, pharmacogenomic studies have focused on candidate genes involved in drug pharmacokinetics or pharmacodynamics. Many of these genes contain functional polymorphisms that are obvious pharmacological choices for investigation in appropriate clinical populations [1, 2] . For some drugs, genetic information is important to avoid drug toxicity and to optimize response [2, 3] . Pharmacogenomic studies are rapidly elucidating the inherited nature of differences in drug disposition and effects, thereby enhancing drug discovery and providing a stronger scientific basis for optimizing drug therapy on an individual basis [4] .
Tajiks are an ethnic group with a worldwide population of 15 to 20 million; they live mostly in Tajikistan, Afghanistan, Uzbekistan, and the Xinjiang Uygur Autonomous Region [4] . According to the 2010 census, approximately 51,000 Tajiks live in China, mostly in the Tashkurgan Tajik Autonomous County, which is located in the eastern part of the Pamir Plateau.
The Pharmacogenetics and Pharmacogenomics Knowledge Base (PharmGKB: http://www.pharmgkb.org) is devoted to disseminating primary data and knowledge in pharmacogenetics and pharmacogenomics and has annotated genes that are important for drug response. This information is presented in the form of Very Important Pharmacogene (VIP) summaries, pathway diagrams, and curated literature [5] . It currently contains information for more than 3000 drugs, 3000 diseases, and 26,000 genes with genotyped variants [4] .
We systematically genotyped 85 VIP variants selected from PharmGKB VIP in 100 Tajiks from Xinjiang [6] . We compared genotype frequencies and haplotype construction with those in Han Chinese (CHB), Japanese in Tokyo (JPT), Utah Residents with Northern and Western European Ancestry (CEU), and Yorubia in Ibadan, Nigeria (YRI). Our goals were to identify differences and determine their extent and provide a theoretical basis for safer drug administration and better therapeutic treatment in the Tajik population.
Methods

Ethics statement
All participants recruited and genotyped in the present study had at least three generations of paternal ancestry in their ethnic group, and each subject provided written informed consent. The Ethics Committees of Xinjiang University and Northwest University approved the use of human samples in this study.
Study participants
We recruited a random sample of 100 healthy, unrelated Tajiks (50 males and 50 females) from Tashkurgan Tajik Autonomous County between July and October 2010 using detailed recruitment and exclusion criteria. All of the chosen subjects were Tajik Chinese living in the Xinjiang Uygur Autonomous Region.
Polymerase chain reaction (PCR) and DNA sequencing
We successfully genotyped 85 VIP variants in 37 pharmacogenomic genes in 100 participants. Genomic DNA from whole blood was isolated using the GoldMag® nanoparticles method according to the manufacturer's protocol, and DNA concentration was measured by spectrometry (DU530 UV/VIS spectrophotometer, Beckman Instruments, Fullerton, CA, USA). We designed primers for amplification and extension reactions using Sequenom MassARRAY Assay Design 3.0 Software [6] and used a Sequenom MassARRAY RS1000 to genotype the single nucleotide polymorphisms (SNPs) using the protocol recommended by the manufacturer. Sequenom Typer 4.0 Software was used for data management and analysis [6, 7] .
Data analysis
Statistical analyses were performed using Microsoft Excel (Redmond, WA, USA) and SPSS 16.0 statistical package (SPSS, Chicago, IL, USA). All p values in this study were two-sided, and p ≤ 0.005 after Bonferroni correction was considered the statistical significance threshold [8] . We calculated and compared the genotype frequencies of Tajiks and four other populations (CHB, JPT, CEU, and YRI) using chi-squared tests [9] . We used the Haploview software package (version 4.2) for analysis of linkage disequilibrium (LD), haplotype construction, and genetic associations at polymorphic loci [10] [11] [12] . Our method excluded SNPs with minor allele frequency < 0.001 for SNPs with lower frequencies that have little power to detect LD. We also ignored SNPs with Hardy-Weinberg equilibrium (HWE) p values < 0.001 for their small probability that their deviation from HWE could be explained by chance. The D' values on the square is a measure of the LD extent for each pair of SNPs, squares in red without D' values indicate the two sites are in complete LD (D' = 1). We constructed haplotypes using the common sites of the selected SNPs and sites downloaded from HapMap for the VDR gene and derived the haplotype frequencies in all five populations.
Results
We successfully sequenced 85 VIP pharmacogenomic variant genotypes from 100 Tajiks. The PCR primers used for the selected variants are listed in Additional file 1. Table 1 lists the basic characteristics of the selected variants, including gene name, chromosome number and position, and their allele frequencies in Tajiks. Table 2 lists the genotype frequencies in Tajiks and identifies significant variants in Tajiks compared with the other four populations (p < 0.005), all variant data are shown in Additional file 2. We also categorized the genes into different families and phases related to pharmacogenomics, the statistically significant values are shown in red (p < 0.05). We found that Tajiks differed from CHB, JPT, and YRI in 30, 32, and 32 selected VIP genotypes, respectively. These genes encode phase I drug metabolic enzymes (VCORC1, MTHFR, and CYP3A5), a phase II drug metabolic enzymes (COMT), and transporters, channel proteins, and receptors (e.g., ADRB1, KCNH2, and VDR, respectively). However, the difference between Tajiks and CEU was much smaller; just six SNP genotypes were different, and these were randomly distributed on genes such as CYP2C9, which encodes a phase I enzyme. For genes such as ADH1B and PTGS2, we observed differences between Tajiks and the other four populations.
We counted the variants in each family, excluding those that belonged to none of the families or were not significantly different between Tajiks and the other four populations. The remaining 71 sites belonged to 26 genes in 12 families (Table 3) . We found that the difference between Tajiks and CEU existed in only one site in the nuclear receptor family and 0 site in adrenergic receptors family respectively. However, in the nuclear receptor family, Tajiks differed from CHB, JPT, and YRI in 66.7%, 75%, and 33.3% of selected sites, respectively. In the adrenergic receptor family, Tajiks differed from CHB, JPT, and YRI in 60%, 40%, and 40% of selected sites, respectively. For genes in ATP-binding cassette (ABC) transporters, Tajiks differed from YRI in 66.7% of the selected sites, but there was no difference between Tajiks and CHB, JPT, CEU. We performed LD analysis using Haploview to define blocks and haplotypes. Using the common sites of our study and those from HapMap in the VDR gene, we identified two LD blocks in Tajiks, JPT, and CEU and one LD block in CHB and YRI (Figure 1 ). The block identified in all five populations spans 0.4 kb and consists of two complete LD markers (rs1540339 and rs2239179) with a D' value equal to 1. The block identified in Tajiks, JPT, and CEU spans 0.9 kb and also consists of two complete LD markers (rs7975232 and rs1544410) with a D' value equal to 1.
Haplotype analysis results are shown in Figure 2 . For the common block comprised of rs1540339 and rs2239179, three kinds of haplotypes were identified in all five populations, but they differed in frequency. Three colors of bars indicate the three kinds of haplotypes. The highest and lowest frequencies of haplotype "AA" were found in JPT (73.8%) and YRI (20.0%). The highest and lowest frequencies of haplotype "GG" were observed in CEU (47.0%) and JPT (22.1%). The highest and lowest frequencies of haplotype "GA" were found in YRI (50.4%) and JPT (4.1%). The haplotype constitutions and frequencies show that there are relatively minimal differences between Tajik and CEU, CHB, and JPT, whereas the differences between YRI and the other four populations seem obvious. These findings are in accordance with the results shown in Table 3 .
Discussion
With the rapid development of pharmacogenetics, serious attention has been given to interethnic and interracial differences in drug responses [13] . Here, we genotyped 85 variants related to pharmacogenomics in the Tajik ethnic group for the first time and compared the results with other ethnic populations around the world. We found that 30, 32, 32, and 6 VIP variants differed from CHB, JPT, YRI, and CEU respectively (p < 0.005). These findings corroborate the current opinion that polymorphisms with varying frequencies occur among different populations.
Vitamin D receptor (VDR) is a gene whose function has been widely reported. Epithelial cells convert the primary circulating form of vitamin D to its active form, which binds VDR to regulate a variety of genes that keep Table 3 Numbers and frequencies of significant variants cellular proliferation and differentiation within normal ranges to prevent malignant transformation [14] . That is to say, the active form of vitamin D can induce apoptosis and prevent angiogenesis by binding VDR, which reduces the survival potential of malignant cells. Studies have demonstrated that rs10735810 and rs1544410 SNPs in VDR might modulate the risk of breast, skin, and prostate cancers, as well as other forms [15, 16] . An Italian study reported that GA and AA rs1544410 genotypes were associated with decreased cutaneous malignant melanoma (CMM) risk (odds ratio = 0.78 and 0.75, respectively) compared with the GG genotype [16] . A study in Japan found that head and neck squamous cell carcinoma patients with the TT rs10735810 genotype was associated with poor progression-free survival compared with CC or CT genotype patients (log-rank test, p = 0.0004; adjusted hazard ratio, 3.03; 95% confidence interval, 1.62 to 5.67; p = 0.001), and the A-T-G (rs11568820-rs10735810-rs7976091) haplotype showed a significant association with a higher progression rate (p = 0.02). [14] We found that the GA and AA genotype frequencies of rs1544410 in Tajiks were as much as 52% and 8% respectively, which is different from those in CHB and JPT (data not shown), suggesting that Tajiks may have decreased susceptibility to CMM. The gene alcohol dehydrogenase 1B (ADH1B) produces a key protein for alcohol metabolism that determines blood acetaldehyde concentrations after drinking [17] . This member of the alcohol dehydrogenase family also metabolizes a wide variety of substrates besides ethanol, including retinol, other aliphatic alcohols, hydroxysteroids, and lipid peroxidation products. The minor allele "A" of rs1229984 encodes a super-active allozyme that is reportedly associated with lower rates of alcohol dependence in numerous association studies, and its frequency varies widely across different populations. It is 69% (19-91%) in normal Asian normal populations, 5.5% (1-43%) in normal European populations, and just 3% (2-7%) in normal Mexican populations [18] . Other studies have shown that rs1229984 may influence alcohol consumption behavior and is associated with upper aerodigestive (UADT) cancers [19] [20] [21] [22] [23] [24] . A genome-wide association study found that the "A" allele of rs1229984 was associated with decreased UADT risk (p = 7 × 10 −9 ) [19] . The data in our study is in accordance with previous findings; we found that the "A" allele frequency of rs1544410 in Tajiks was 29.5%, which was significantly different (p < 0.05) from 76.67%, 73.86%, 0%, and 0% in CHB, JPT, CEU, and YRI respectively, suggesting that Tajiks have an intermediate susceptibility to UADT cancer.
The catechol-o-methyltransferase gene (COMT) is responsible for eliminating dopamine from the synaptic cleft in the prefrontal cortex (PFC) [25] . Variations in the COMT gene exert complex effects on susceptibility to depression through various intermediate phenotypes, such as impulsivity and executive function [26] . The common functional COMT polymorphism rs4680 has been shown to affect enzyme activity and, consequently, intrasynaptic dopamine content. The "G" allele is associated with 40% higher enzymatic activity in the human brain compared to the "A" allele, leading to more efficient elimination of dopamine from the synaptic cleft; therefore, the GG genotype is associated with reduced synaptic dopamine in the PFC, and in turn, more active striatal dopamine neurotransmission [25, [27] [28] [29] . A study in northern Italy reported an association between the GG genotype and the risks of Alzheimer's disease (AD) and its precursor, mild cognitive impairment (MCI) [30] . The GG genotype frequency in our study was just 24% in Tajiks, compared with 51.2%, 50%, and 46% in CHB, JPT, and YRI respectively (p < 0.05). This suggests that Tajiks may be less vulnerable to diseases related to dopamine content, including AD and MCI.
Our study also found significant differences in genotype frequencies between Tajiks and other populations in genes such as DRD2 and F5. Polymorphisms in these genes have been shown to be associated with dyskinesia induced by levodopa therapy in Parkinson's disease patients and coronary artery disease, respectively [31, 32] .
The Tajiks speak a western Indo-Iranian language and their presence in China dates to the 10 th -century Muslim invasion, suggesting they are descendants of eastern IndoIranian speakers [33] . This may explain the smaller differences between Tajiks and CEU compared to other three populations we investigated.
However, intrinsic limitations still exist in our study. Our sample size is relatively not big enough, thus further investigation related to pharmacogenomics gene polymorphisms in a larger Tajik population is necessary to ascertain the results obtained in the current study.
